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Nitrogen Trifluoride 5 CROSS REFERENCE TO RELATED

APPLI CATIONS This application clains the priority

benefit of U S. provisional patent application

60/ 462, 756, filed April 14, 2003. BACKGROUND OF THE

INVENTION 10 1. Field gf _the lnvention. The present

invention relates to a 3k F ess for
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di stillation bott@ZACKGROUNS OFTMEINVENTION2 20
hi gher normal boi 'rng porn nan nitrogen tritluoride.

2. Description of Related Art. Various gaseous
f1 ulor i nérieldndfghailmgentionpounds are utilized in
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20gagughter reiresy bohihg mﬁdbanaﬂm@ﬂmﬂmnq{mr ity ar e
b&"ﬂ ons.. It is known that even

L SandR t -

enter seni 535“% 3o B detaihe) EAGRARR e Hibed in
PCh&IRABOHIDY 11 40essuarthbbsiasimarstch ellicdnagpe lhﬁéhélsluﬁl order to
wide line wwdth and thus less information per

Mofalricate sepucduciordeviges: b aipise Pt n@@genﬁaﬂwdeg(NFs) is
25PULNOtHdn LA por deposition” (CVD) chamber cleaning gas in

semiconductor device manufacture. CVD chamber cleaning gases are used

10

to form plasmas which interact with the internal surfaces of semiconductor
fabrication equipment to remove the various undesirable deposits that
accumulate over time.

30 Perfluorinated chemicals such as NF3 that are used in
semiconductor manufacturing applications as cleaning gases are more
commonly referred to as “electronic gases”. Electronic gases having high
purity are critical for such applications. It is known that even very small

amounts of impurities in these gases that enter semiconductor device
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to particulates, netals, noisture, and other

hal ocarbons in the plasma etchant or cleaning gases,
we@a/ogteen only present in the part-per-mlli oPCT/E@8H04/011249

5 increases the defect rate in the production of these

hi gh-density integrated circuits. As a result, there

has been increasing demand for higher purity etchant

and cl eani ng gases, and an i'ncreasing market val ue for
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hi gh-purity nitrogen trifluoride that is free from

d| ni t r ogen Nif preparetebypad adiety bﬂmaﬂfbdsehuéﬁ hy@he ARthed

I N A
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F
or Sl 76 N Gans N id RO ol TG 1NF2), iflgodn
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geh, m%@er?ﬁnf@%hdé%ﬂé‘é{rcﬁhéjg%é‘g cﬁlc‘t ?'ce cor}dmons and at

activat alum na are SOT ent

r eFRIGHVR)Y ia¥p GPneerisation, Fhﬁﬁetfaﬁ’fmtai Qean fasen unstable and even
r eagplosive dophpogittrzy | Tﬁbrbfdf?éflhtdrﬁér ﬁi otb¥ag8igh- pur 13(1 nitrogen

LR AbH 63 e oo e iTLeTgb SR PBRGEodLatyorde for
20 r edse aa@n ¢leamoniogasdmetipeds alleveng fomedihplet@rermotal of such

prmleg rﬂléd.egga F3 Product. Mdre specifically,
t he "present i nven n conprises a process for reducing
the concedherd piha yariaty ofdaowromethadsuthat pnaydieeusastito reduce

frRoE d} 'N‘gFgra‘P\HFbtﬁQF‘ﬁh ritieg. n‘?fa NE] ﬁo@hﬁg?gﬂghé lflld)(l)ﬁ WiGilation,
and aﬁ]rog tetrafluoride in

gndh emaié@@ﬁmgmse mﬁlgsmomcomqaﬂzsdlca gel, and
25 n| éétmﬁéd taluhﬁlhElOfS;lﬁt? %élcblﬁaé@{lvé{ed §I.@|ﬁ|2§%g%:<g8\¥&h'és\both
e B8R Br EREBYNE dmPurteS bt Bl temperREng: i Asasaptats for

corqnm)mdg lirmpuriiesiatiigher tentperaturési | i ng poi nt t han
nitrogen trifluoride; (b) renoving a second m xture

conprising said at | east one inpurity fromsaid
BRIEF SUMMARY OF THE INVENTION

30 The present invention provides distillation processes for reduring
fluorinated impurities from NF3 so as to produce a purified NF3 product. More
specifically, the present invention comprises a process for reducing the
concentration of at least one impurity selected from the group consisting of
dinitrogen difluoride and dinitrogen tetrafiuoride in a first mixture comprising
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5 distillation colum at a point between the top and
the bottomof said distillation colum; (c) renoving

W@ 2a0Riop661i Xt ure conpri si ng sai d compound havP@IyUs2004/011249

hi gher normal boiling point than nitrogen trifluoride
fromthe bottom of said distillation colum; and (d)
renmoving a nitrogen trifluoride product having
reduced concentration of said at |east one inpurity
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ﬁibsg "he NF3 is obj ecti onable for nost of its
|ntended uses. For exanple even a 25 1

part-per-m || 'lﬁggﬁﬁ ﬁéséﬁiﬁ?@_}rﬁ%# ?F—l&ob%ﬁrﬂjﬁ%}
conmpound woul wher e
NF3 is to Hdgwel Hisad sehenatic dimgrampira dighifation: system that can be

( CviBbd $baprae hc'ﬁ% é&c%ﬁtheﬁ!ir%%@ﬁﬁ&%c&@@t al | ow for

manufactur ro ucts havi ng cﬁurltlest

S appr oach 9 I@lyg FC heyaatie Atagham oy distillatios S‘rYz§EﬁFrE that can be

bumSadcf@rqsmﬁcm ain gupact eethet preesat p r%@e§§99 30 nol ar
percent purity or el ectroni c gases appllcatlons are

preferred. Analytical nethods for gaugi ng such | ow
concent r at i onBEGTAILEBIDESCRIBTIONNDB T INVENTIONe .

|
concent ot 1 THES SEpdidte BB Buté stae Lk ibropBifies natare
i nvehigdigpmtegriad eireiiigaanyiaciiingsand - typRallgesed in related
C3n3a?uﬁéct§hﬁ@ @?é[ﬁe f'FHe Bjéélféjﬂﬁ?rééterg'rééléﬁgé gg@ MRty of the

|nc I por rererence
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20t R G AR o RSl 27 Beafe, even

aI Sqaartaper-rmlﬂomm@ar d@icentnation of ahetHer aosnpamaewould be

(8o EAEan IFEHR AAFS B A 18 s 5L A drerf vepor

ob deposition {C¥YD) shamber ciganing gaat Emsasébat alloav for

abighddutaditre SPREApFockiitts hERRY Puritie Nt Rpprsdh 68309 folar
percent purity are desirable, but processes that provide at least 99.9999
molar percent purity for electronic gases applications are preferred.

Analytical methods for gauging such low concentrations of

impurities in NF3 are available. For example, methods suitable for analyzing
low concentrations of other compounds in NF3 are disclosed in the 1995
SEMI standards, pages 149-153, SEMI C3.39.91-Standard for Nitrogen
Trifluoride, herein incorporated by reference.

-3-



substantially-free of such inpurities is of

consi derabl e value. Herein, "substantially-free"
wore@a®9toh@at at | east one of the inpurities N2FRCEHNS2004/011249

N2F4 are present in NF3 in less than 10 ppm nol ar

concentration, preferably Iess 10 than 1 ppm nol ar,

nmost preferably less than 0.1 ppmnolar. The physical

properties of m xtures conprising NF3, N2F2 and N2F4

are non-ideal and are difficult to nodel

convent i ongom@@pna@m@eﬁwsq@é@anuf@@ugnei\b“moﬁen produce at
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R RS i i e,
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Sub\‘fébdl\ﬁél @an@mﬁéﬁeammth@lowegHestmaﬁtsrngécthl ofMPdistillation
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20 hy theobaittrorkd % wof theltotal iumber ofthepeatical stagepirvadistitiation
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sentative roc fI uor ocar, ng
F Rl S8 eas Al that Pas AH G PO gBE It Of from about
25 PCTQWM&IIL%)@C (FieHHer 2iR)s plﬁfﬁrr@jsﬂ!m e ¥empound having a
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i ngl

cac 19 iRl bofhp s Nfszéef?ﬁ? gt Bfoodes it
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30 bohkldf&hﬁﬂbﬂlﬁorbﬁéﬂbd?'l@h robH%rodﬁrBéﬁé‘tpe?ﬂﬁ&%‘éﬁerh%' atféforganic

nitfous oxi.d (a 2) ?{ | f1 yor onet (o
oxides and i |norg nic X|des epresentatlve hy rocarb ns mclude ethane,
propane, and propylene. Representative hydrofluorocarbons include methyl
fluoride (HFC-41), difluoromethane (HFC-32), 1,1,1-trifluoroethane (HFC-
143a), pentafluoroethane (HFC-125), and fluoroethane (HFC-161).

35 Representative hydrochlorofluorocarbons include chlorodifluoromethane .

-4 -



22), difluoromethane (HFC 32), fluoroethane (HFC-161)

and nethyl fluoride (HFC41). These conpounds may be
wag@d/ogdoeme or in combination with each ot herP@yUS1v64/011249

hi gh boiling compound in the present separation. For

exanple, it 10 is known that N20 fornms azeotropic or

azeotrope-1|ike conpositions with HFC- 23. The

respect ive N20/ HFC- 23 azeotropic or azeotrope-like

o R G2 eRe BN SRS HarCafgas HOURE eBybAtIoNde
semacm -40). R&bralezxﬁlme; %érﬂlhdnwﬁam lhﬁagém@xaﬂudroethane (PFC-
or S4B RERrESshiAtE Sones el firpls ok (BEH, Spopatingice
t héGO ) NEarbarmé fluoride (€0Es), maaoaﬂmmaégwn fluanide (@KIOOR).
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i mpuri ti es Mdregspdciitally ra‘?l'i:i'é%f‘d Ijr%uﬁt?é@éh‘ sfﬂfé‘éi in the

treati | destream I N t ese uriti e ave
15 1 o BreSeve dif e DESRETY ﬁemoym‘éﬁ Baying 7 higheE SPRnALBOING point than
PUNF; ﬂ@umrmegm§ e&&m&&m#eaﬁmmhﬁ fcdnaairafidriat a point

f
e BRihecSiaan 32RbRE PRk SEBL i o B s Aine iR it either
betlm‘réilstlldatlommblumlnrs bpitoras er overeetifsticiaems. | As such, withdrawing

adg éu’.i%?ﬂavs) ﬁérﬂ%g@iﬂ?@?ﬁﬁeaﬂth@ﬁggﬁﬂ &3@) i ‘k rquéi%ﬁl?at%ﬁw column

nPUT | al hed as
20 d| @fawq!@a a @treaa;ublﬁhar i1 ernbeaivation of Dby aad Nok 4 firarhindthe

of 4lstiaddEotems %‘F“dﬁbﬂﬁbédh Whl(?ﬁfén ﬂ?‘eﬁgg 9&%0? GdHa agfaeast one

coPﬁNﬁ'l:ZnTPi@cﬂ:bl Eﬂ?fof@t\é@ &Egg{q\g&? bht to beI frz)lr e ?Eelag?l ve

t han NF3, ﬁﬂ@n&ﬁé@tandrﬁm\@f%@@é@ﬁ@%@ﬁﬁlmpuntles from an NF3
PCT/ US2004/ 011249 certa ons

r e PERYUFL: /15 BRI %mmcah%ﬁg%ﬁalddm%{@&atf%ﬁp%m
25 canonhtaining as'highies” conteniratior xathes them tompm streamnsavimg said

B E bR Erceolb. BTt Py A58l p ideptroam
or lmwb@bébesafmpyrltlﬁdna\@(m eongentiadedeanomal thermal and
pr spséwpﬁg%bnﬁﬁ%étr&, mﬁ&gg@%@%@&nﬂ@ Nn%br%?%oolq %tgﬂsNFg, can
to be @pplied i smadenvelgmesds fiHroseRs matsriavand dhe asseaiaicehn

30 eagfuipment can in turn be smaller and will operate more efficiently. In
addition, larger amounts of NF3 substantially free of impurities may be
“ obtained as a product of the distillation.
Such a sidedraw also provides a method of limiting or reducing the
maximum concentration of these impurities developed within the distillation
35 column. NyF2 and N2F4 are thought to be more reactive than NF3, and under
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of N2F2 and N2F4. Several of the conmpounds that are
produced by processes that produce NF3 are higher
whoiokiopayes han NF3. Exanpl es of such conpounds PADUS2004/011249
i ncl ude hexafl uoroet hane (C2F6 or PFC-1 16), sul fur
hexaf | uori de (SF6), carbon dioxide (C02). In addition,
conmpounds hi gher boiling than NF3 may be added as
extractants in the distillation of a stream conpri sing
NF3 and CF4 to enable the separation of the NF3 and
craertginganditionsransiatretatiyrbr loporancegtratienpzfredand NaF4

Subbﬁﬂib'oﬁn% caﬁtfém@hﬁattab|@éﬁd diveh |e§t§%n.‘e”cér‘§p§mﬂ§§s 8AQ it may
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5 { CHBROGHYAR o s g Bt B bt N2 90 b o

Hchsré @)eﬁenablyl itd fessthanri1gROQ p@m}molargyulrandlumn concentration each
SCB{B |Ilustrat es a systemthat may be used to
20 pe?f rma§ &cts of the inventive distillation

pr ocess. ASeivegal afithe gempouadpihafiang PreducasbPracesses that
E{C?:{Licgfl:‘ﬂ? Ql‘é%liugﬂgﬂbblﬁ H’MH NFJ. Exﬁn%@'gfn %uc#l é(ﬂg;r)ounds
10 bomq lyte bevgauRrasthanaS @%ﬁ‘ﬁrﬁ@?{%ﬁfiﬁ SXPEYOTE (5,
cot:umormmme (Capit readaition, ctdrﬁpéluridﬁ highst bbmng ¢iian NF3 may

O0bh Hitlegas b ds T ISR HASER A ShedeR dipdctng bs qna cF.

t hto epabisrthe separatlomoi th® htﬂ:uland40Fs Exanhpieseof dich higher boiling
r gﬁélhﬁ)ggh{jg %Pﬁéﬂgo% Fag:?aﬁ;gs %'ré%ifécllcﬁ{?ﬁ ﬁtU§ 6’25832%9 herein

15 of incespairibhy eefeteneei Rndirclude pb@m@ﬂwom%h@méw@lﬁz or
as e ddiﬂ@lor%ﬁtb‘iﬁé‘ﬁ’é '(@H F.Vz 61* HPCOC@ NEftiarfer )4 qu6roethane

t 2
;ST or BECoHENC Bletheonie Lktuen F?&ﬁ@ R .
CO(OJFIF5 é‘r HFCeﬂZB)Wmltr@UQ@xm (N.@). | east one conpound

ot oms vi & SR TRl TR & chSfi oy £y BE ued to
20 pr pdrfotm aSpdeidraiithd mmntmetllscblﬂatld)ry phocesentA first mixture
pr gBﬁ%ﬁgrﬁ IQP% gﬁgr 'rt g%&%ﬁdﬁe an ‘ﬂ% ﬁ%@u@ﬂ@v\ﬁg clondwt 110
edtséuﬂatnmqolumrdzstﬁm leastane @@nnmnds fgnb\erfb@rlmsethawl% is also
di égbélkéﬁ iPhe dl@ﬂll\é%ﬁ%ﬁfn@r%ﬁﬁér B@@fl‘lé?%@%@lfﬂfgﬁ%xture or

nvent on ctlc? al |stllgat|
copghﬁna Ivvig @@@ltean%tsrfesé Pobitt o dhpeP!diis Syicha§ via conduit 3.

25 pr thélltlfv%‘ﬁheé'&&sltlm@ffoﬁ thieeSolainr Besen® Risodoridust 4 to condenser 5.
O 28 B 8L B2 Ao U BB BT R0 B ol 2.
I s refher Bt Ftie rbmmainderios the edrderstdt distillatd & tevagetedsvia conduit 7
| CREEL e  RENTRE FASG i, A SFelAiling o
extaqsltenetcérm& andrl\&has ram@vedaﬁomthemlwaamﬁms a sidedraw 8
30 from the column. A stream comprising said at least one compound higher
boiling than NF3 is removed from the column 2 bottoms via conduit 9 and may
be recovered as product. Sidedraw 8 may optionally be sent to a process
step where said NoF2 and NzF4 are removed, and said treated sidedraw
stream may then optionally be returned to distillation column 6 for further
35 distillation.



ranging from-90C to -50C are preferred, but |ower

tenperatures at the top of the colum may be enpl oyed
walepang®ns on the higher boiling conpounds the€T/Ia300be11249

present. 10 The present invention is conveniently

practiced in conbination wth the process disclosed

in US 6,458,249 for renoving CF4 from NF3 by use of

an extractant agent in a distillation process. In said

process a stream conprising NF3, CF4 and at |east one
of N2F2 andPaig ivesdienyeay b nractépad ipgt distifatigncalwapgun under

Saldjvértd’t?@ﬂ’térﬁp&laﬁlrbh lapd presédresp W@ﬁﬁ)e@étu@@s at the top of the

oo o3Emh snoe b a1t aBEER RN Sondiiisrting ofghe NF t the
W tpheshee e calomreid operated, bol iteprdferted thatt the bwest

b i i F
520 AR The EOIEA B Yol FRRIRELAN o Conthnas
sedigherdiailer tHast Nbsn Eor examplen temperstdresdt dihe top diihieagsolumn
ol f j
oreBino fforh 1604 55006, a8 pré@iied bl Bifeh TempBRithres at the top
cogé éhe ealiMinmay-he erRioyed denerdenherthe B'gbéf keilipg agmpounds
t hakatanhy e @ggeman be renoved fromthe distillation
colum in Si dedra%/v stream whi |l e [ ecovere

an over head 5 B&SERL nYﬁf‘ %fso“éﬁ}vg\'f\'/'%%'y QAR ipeom ifation
optthbfmlel procéssdiseldsed in X806 458H49 far rérmagingddie, wdm NF3; by use

opte BRI BERok s YRR B1dcRRF, LRt Rerg stream

extooayirising NE3,2GF ¢ and aé teast one ofid2Ee and dN-Eelcambedfeddo a first
b
; gtgbg!(ﬁﬁ? zxf:l'{el‘?%gbloe%i%drﬁ lfﬁfshﬂ’tﬂ?lﬂ the '%égglgéeegf Qﬁ‘%&r&ré@tant agent.

10

ar e
15t han theRrasenpe @éa@r@d@ﬂt@nﬁam,ﬂbﬁ& Wi I ﬁepﬁéated from the NFs3,

exiyigethatF vedslﬂrtﬁe RONImM® @llsﬂlaté hjasbdiih® ﬁﬁeéﬁwgﬁlﬁmpnsmg
ona

na th t t
5 SRiactant Boemonng at st RS ot oFr 80 &eri s éfesent to a
t rsegond déstillatidri oolahiny BGheateeond distillatordcsluimn, & thepresence

R R AR S B U NGRL  RPY R0

20 extcoacentvatiah siaxiunsumat aprioteesediate poird withirk thateolumn and can

Co@%ﬁ‘eﬁﬁdﬁda’;&h 3!% dﬁ%ﬁaﬁ&gc&hn{iﬁiﬂ% s@@@ré?r{/ isﬁggl% WAt NF; is

colrgegvered aAtan ewrhead @r@duqtaafhi% @@ﬂamtfﬁa@ rag¥ ke optionally

35 {Rafled tdenfovelsait at feHuR lonebf\N Ft ah%l the treated stream
distil|ation colu

PCTIRSHTERR50R Y g sfien ?%ﬁz@r lats"%twe Eﬁ'@t 31 Thedpgtant is
25 colremaved diont tree $esmhdosolninnads 4 bettomstgireant,carzkis optionally

separ a F ver
S PREERIET bt el Db ABILA oL USHARH e pregent
comexiribe isetdnd soluhwakotigras wltbftheraadnaotam agedt, some portion of
di st
eSS  Sh 1S Biiged UBERETeb P eove
i s thessotheshigh koilesiauith tfmtra%tedmﬂpmqo?’wtthen optlonally
SOSUtPéfu?Httcb %é ()hsflﬁaf%%n‘?cfalﬁ“:3 HCFC-22 and said at |east
one
|gure schematlcally illustrates a system which can be used to
perform aspects of the inventive extractive distillation process. A first mixture
comprising PFC-14, NF3 and at least one of NxF; and N2F; is supplied via
conduit 10 to distillation column 11. At least one extractive entraining agent,
35 e.g., HCFC-22, is supplied via conduit 12 to distillation column 11 at a feed
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A stream conprising HCFC- 22, NF3 substantially-free of
PFC- 14, and said at | east one of N2F2 and N2F4 is then
WO eemmwedes rom t he columm 11 bottons via conduP€T/LI320841011249

sent to cooler 18 and fromthere fed to distillation
10 colum 19. The distillate fromcolum 19 may be fed
via conduit, 20 to condenser 21. From condenser 21,
some anount of condensed distillate my be returned
to the colum 19 as reflux via condwt 22, whil

r ePRIM dndgh qrémmrcgghllggop,cga.u‘e@ than the fegd pqint of the mlxture to be
SU'@é ardtedld. ? fnmmfal%FﬂF}élThe@vteﬂ%?Ad detnﬁtérfmmftﬁ@column is

sem%v'%”cgnﬂaﬁﬁarﬁ??\”gpcﬁ’érﬁ "R Bt BAE ogiheisRhisried distiliate
P?E#eam |sgetwndd to the tdlemnct! aﬁme’r;lua(i B Theirdehimderdf the
5 EBhig sl b hte T Kol oy B 13 PRR-14 pfodhic
cospbstadialiefiee of NFoohifar@ea2tand $aid at sast eneafiiNbaandrNaF,.
stream 17 i t?é’éﬁ' r‘r’ssir;é FFCFft': Sbi NF%‘tshB?tarﬁxglly”FPée of PFC-14,

bottons 25. t ream ti onal
26 and$aichahleast pre of el aad J,NzE{t IS hheﬂuremqyeddfﬁm the aglumn 11

exbbﬁéhﬁr\ha 8RAuit HFGBHdsdiieo @@b!é?ﬂ’l SQindafroﬁecﬁéréJféd'lb dlstlllatlon

10 Lol 89" oe stiERafion oo 1§RmASe BrtRsnomdo
pr e&iﬁden?ér\aﬂ\rllvit IFraim condgtsergl, lsysrrw}anbuma@f d¢ondensed distillate
£ RBe [tk e IR EEES oy R 22 Sy the
si demdinaler secavened asproducige g2 B NEnsukstantialtyetied pf PFC-14,
pa%ifrﬁ?tnieh&nt{éhﬁ’@t Qq:é?ﬁ’ Std Sta FP&R@BPN%FQS@& W% QLégﬁ:?ndduit 23.

nsi s

151 | Hostrenis cpmmwmbleesbme pﬁ Ust @mﬁ)l}EFs I8 r@nmegl from the
MeCBRAEN 39E: R8idebese 2dlf&ﬁh @ﬁ@ dolufnrt)S Bkirb28ve éﬁtranﬁhéﬁgent

5,183, 6 reate
o Bt GRS -28 Withahe e e oty o1 cRe HER G2 lokpipunpisdeduced
Cukbaipared tethginconventratiens ansteshrar7agebtaiaed aehedistillation

st ?ssgiﬁm@ﬂmﬁ?é? oSttedm 25 TR Be 15 % FaflR g gna then

20t heetprread toudibijllationcdadgrad 1dr ag extsactantTieedpfesktorthe column at a
,‘géH hgﬂ&g@ﬁe\/ﬁg%é‘ﬁahﬁﬁﬁt% t"f’\affere%?&ﬁpmhbﬁ“lré‘ﬁmlxture to be

i'd inpurities occur over
of sepatated, &g., Ffieddtanst Nbes. For exanple, said

i nvention my hasBheplERSsh %rb;ﬂwf'leﬂ)%rach%em comblnatlon with
20 4/ 092066 P U82004/ 01 m xtyre where
ﬁa%atff g &3 For

N2 KRoWRPrasessss:for Ferpeying iO5h& S¥&am ﬁﬂmQES'i‘G
25 Klggzaﬁipﬁ’é a %idwfdraw , stidam &ompe‘éErfg[NEthaat bé treatsd Ry pagblng the
concent rati.ons in rs ur e
B~ e RiRijat ™ hbAeay sl PastiGigre Mt or
pplp\arrbecawdh\&mdad eflutohleles o deedmpose and thits tersovd saliFLF>,
Op;ﬁqé{hgﬁgéucﬁ Qh‘ﬂhésé H?é@fb%éﬂnn U?s &%‘3@7‘6‘35“& U 5,183,647. The
pr ebr@@mas'deairawaﬁﬂam @awﬁhenfhe)ﬂmor@!lv éewraemiq ths; digtillation
30 NF&airf;0OTh&afBheinv8ntion provides an advantage over the prior art, in that

the NoF5 is concentrated into a small stream which increases the efficiency
and economy of the previously disclosed processes.
The present invention may be practiced on a stream comprising
NoF> and N2F4 where said impurities occur over a range of initial
35 concentrations. For example, said invention may be practiced on a first
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first mxture conprising NF3 and N2F2 can be treated
by passing the side-draw streamthrough a heated zone

w@ongiosxoserg of particulate netal, or packed w POT/USZH0I/011249

fluorides to deconpose and thus reduce the
concentration of said N2F2 10 prior to practicing the
present invention. EXAMPLES To determne the relative
volatility of any glven two conpounds in a

distillation thodls referred. In this
° Chlehird bt V5 ot ol e presathi sBesiiations ardniohers 10,000
kncppmdmmlaneHoweneaSﬂJisqﬁeﬁtred thattheasF, érﬁﬂN?F?édHc%ntratlons in

nd st AR R HRIENS LRI Bog Wb et aRCiGaterapf Toss than

" PiZa@Q0 ppoi-motari Mivhere theanﬂa!scort@rtrgmbns of NoF are higher, said

S R S e ey

of PRRFsses Jon@neexing Nxbe fem eetirasm zompsisingeNEe. Fohexample, a
Ffeaiiié,tfrﬁlﬁfﬁ.ﬁé%oﬁﬁfns?ﬁ F\I‘I”%%F’NEI'N%F'L cBh ®e G(Péért{ab l?{y' FBHEsYrgyofPfe side-draw

onsmteP

d
oo Sirepin Regudh Aiaated 2ol bpasicing abpartisulate meteisr packed with
Nosofié fldoridesTiuodédarmpose AT tuseidati @he cbAcsRPAtRTEM said NoF,

10, @ﬁ???f’éﬁﬂ%ﬂs@ﬁ%?%ﬁ&%nirﬁvegt’s e 25 NRTL squation i s

descrl bed in greater detail in "The Propergl es(;)f
Gases and Liquids,"” 4th e bl i shed MG aw
Hll, witten by Reid, Pr a(bEA PLES) Pol i ng, on pages

241 and 3870 %ﬁf@rmwe ﬂaﬁat@l@tlzq wplatibityi of any gienitwalcompounds in
Engldmnht:ag, therrby ivRdIREd RYp @F@ﬂ'é’d VR il ;E’%Lfggl@ftﬁ%%al

by. S V]
16 ¢ nabsollfs SRuEd el oF aeiin VeI ToReswisdeAta ostant

i dsmhpératurerfof eadmeesorn esmomgbmherwmab@%@yu% of the PTx

L?“@ﬁ?%na?%%ﬁﬁwlnYg“géé’tseﬁ?*a‘)é “Phgie Enifisfin i Frockss
qu@SIg@ﬁ, V\MlegémhescwmcmPuhlahéTﬂ CH), lwrittereby Elarold RfNull on
0 S. 0

F-’rp%unﬁ?‘ 1 BB anifBSH S B PGP Byl ated by
anE? e@NCSufficiently predict the relative 35 _
ST R A IO R or
Th ‘f'QPPHW% '%&%Aﬂ%“ %re® ﬁ)rYdW@IQeénta&tMtY aeeffigieat equation
centoa!eh samh@stthewoﬁ-R@nﬂbﬁS qio- Lmlﬁﬁ(NllQ'ﬂL é@@atﬁirﬁ & Ppresent

iU a5 nohificautics, D5 a0 agutiy ea%*iﬂeaﬁ@quaﬂgn such as the

25 | dHRtTLfeq;mt@hos eesctribedin greatdralstaibineTheProperttacsf Gases and

30

35

St El Bids® J’%&@PH p&%l%héggﬁ?@éﬁ ?flll Onﬂl QOIS){ %gfcb {frausnitz and

ormhnce e
co 9@?9599” léﬁﬁﬁsr%‘bbﬁndri"wmﬂﬂ% in fl?hasaﬁqwmm icChemichl as

2 St PPl ol SLATE I ATS WORE) Shoe
I@! Walas pages ‘P éé to 244 the mtjlre disclosure of each of the preVIoust
identified references are hereby incorporated by reference.

Without wishing to be bound by any theory or explanation, it is
believed that the NRTL equation, together with the PTx cell data, can
sufficiently predict whether or not combinations of compounds described
herein behave in an ideal manner, and can sufficiently predict the relative
volatilities of the components in such mixtures during a distillation.
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pounds(wei ght) - per - hour (pph); tenperatures are

expressed in degrees Celsius (C); pressures are
weprosdesd i n pound- per-square-inch-absol ut e 1BCT/pSi0a)/911249

stream concentrations are expressed in nole percent

(mole %9 or parts-per-billion-by-noles (ppbm or

ppb-nol ar). Conparative Exanple | In this conparative

exanpl e, a crude NF3 feed stream conprising 15 NF3

and N2F2-c,_N2F2-t, and N2F4 as i rities is fed

distillati oW%gﬁemmg BYRPRIESAIG IR '%?ﬁéo Hﬁﬁéﬁ#e ewialn aspects of

shaha preseTﬁmh\lerftlonThﬁd aen aehinterideahi® Imﬁlt tHeescdpelaf tﬁe invention.

cachi® FRRMEEXhPiR S 7 the M bltiahs ﬁﬁ?@f’ff’eég Bol. nthe

opdolinvdtgtexamples,ecachestapi-% hased upen ackdi0¥opasational or

50V GeAhabg LSy, I Idtal Q50Y€ Hdlfhd BsddMRet Bhli$8boiter, with

di dhe cpaderseraosinigthas stagetol b and thageboilerasstheNuybest
1 %L@nbé?eéfsta%élgﬁﬁthéz’fo%ﬂg ex@h\tﬂés Wré&é%@e éR/G%QI‘ISO

‘ | T T
Te PP IS rRIBE g (Ppb ) Tomperatyiey fim xpreRsel in daarees
- T8 elFibs (70.); Hebtoms are axprasseddn hd- pet-soof re-?r?ch absolute

10, piﬁ%f%i%aﬁ%giﬁ%ﬁ%né%% &rg%sagﬁdﬁl ot bREseTRA %) or

21 partBepeardritiomrhysmoles (Ppbimadr pral-nkdar) 217 Q/er head
Takeoff Rate (PPH) 99.65 99.20 97.20 Reflux Rate

(PPH) 2000. 00 2000, 00 2000. 0 Bott gns Takeoff Rate

(PPH) 0.35 0.80 2%@&@&&&5@3 ledoo66

PCT/ US2004/ O]ﬂilﬂﬁ Crude NF3 Feed NFg &EP'_ID 99. 70 .

99. 70 99. 74N INSEPMPFBIdIG xapley 21¢5ude N3 fRpe Streappppmprising

15 0. NF;0ariddNOFAL6, NQHQZFH ah®PRHF, @usl@up@mﬂi@s i 60 to@/@shiRRbn column

Tag%%g%t g%&g@% ﬁ S sghown in T%gle '{\IZ Jl;%e CO"ICGIII_PratIOHS of the
NaF2-c, NoF2-t and NoF, in the feed stream are 1,000 ppm-molar each. The
column in this comparative example is operated to remove the NF3 from the
column as an overhead distillate, while recovering the impurities as column

20 bottoms. The results of this distillation are shown in Table 1.

) TABLE 1
CASE NUMBER 1 2 3
# of Stages 42 42 42
Crude Feed Stage 30 30 30
Column Top Temperature (°C) -75 -75 -75
Reflux Temperature (°C) -75 -75 -75
Distillate Temperature (°C) -75 -75 -75
Bottoms Temperature (°C) -51 -66 -72
Crude Feed Temperature (°C) -60 -60 -60
Top Pressure (psia) 215 215 215
Condenser Pressure (psia) 215 215 215
Bottoms Pressure (psia) 217 217 217
Overhead Takeoff Rate (PPH) 99.65 99.20 97.20
Reflux Rate (PPH) 2000.00 | 2000.00 { 2000.00
Bottoms Takeoff Rate (PPH) 0.35 0.80 2.80
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WO 200092002F2-t (PPB- MOLAR) 8. 809 0.991 0.356 HCIUSMP4/011249

N2F2-t (PPH) 0.00000 O0.00000 0.00000 Overhead NF3
Product Conposition N2F2-c (PPE- MOLAR 0.001 0. 000

(PPB- MOLAR) 8.810 0.991 0.356 NF3 (MOLE % 100.000
100. 000 100.000 Bottons Takeoff NF3 (PPH) 0.0500
0. 5000 2.5000 N2F2-c (PPH) 0.1000 0.1000 0.1000
N2F2-t (PPH) 0.1000 0.1000 0.1000 N2F4 (PPH) 0.1000
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cS
N,F5-c (MOLE %)

32.6000

13.7000

3.8600

MAX NoF,-¢ STAGE NO.

41

42

42

NoFo-t (MOLE %)

36.7000

13.7000

3.8600

MAX NoF,-t STAGE NO.

41

42

42

NoF4 (MOLE %)

20.5000

8.7100

2.4500

MAX NoFs STAGE NO.

42

42

42

COLUMN DIAMETER (IN)

8

8

Under the conditions shown in Table 1, the point of maximum
concentration of each of the NoF»-cis, NoFo-trans, and N»F,4 are at around
stages 41 and 42, or more specifically at around the reboiler or bottoms draw
of the distillation column. Increasing the bottoms takeoff rate and changing
the reboiler temperatures does not change this point of maximum
concentration.

5

Comparative Example 2

10 In this comparative example, a crude NF3; feed stream comprising

NF3 and hexafluoroethane (PFC-116), and NaF3-c, NoF2-t, and NoF4 as
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this distillation are shown in Table 2. TABLE 2 CASE

NUMBER 4 5 6 # of Stages 42 42 42 Crude Feed Stage
W@00309866 Vapor Side-Draw Stage 35 35 35 Col POTIUIZH04/011249

Tenperature (OC) -75 -75 -75 Reflux Tenperature (OC)

-75 -75 -75 Distillate Tenperature (OC) -75 -75 -75

Bottons Tenperature (OC) -9 -11 -17 Crude Feed

Tenperature (OC) -60 -60 -60 Top Pressure sia 215 215

s oISt S Fag (08 iathigtdh 30 brioprratech dRder hereananions shown
(2 (F)’ﬁ?h'DTaB& 5.8Tﬁ§-cﬂﬁ|§@tﬁ’ir§fbnﬁﬁ ﬂm)f\flle@IOt? Nz'(’%-}ghnagg)ﬁﬁg@ the feed

5 0] s e e (. . .
20 853,880 0B} e T et neile CRn'B this Grisarativgexample

Cr islepéited-teetbriede PrRHNGS froo the. R0uRe. 3&0an BréhearRiBtillate,

50 ; 2 P ) 0 10 .
5 priftieiodtagi fip s essin phtahs, "ty boriaraite

Ov EXREWE, ThREvis IR tEEpMoved asgosidedsmmy stjeamp FEhecresults of

(PR dLtAGAGR 2R SAGRA iHTABRDS. N2F2-t (PPH) 0.00005

0. 00000 0. 00000 Overhead NF3 Product Conposition

N2F2-c_(PPB-MOLAR) 0.251 0.005 0.001 N2F2-t

(PPB- MOLAR) 574.047 23.133ARLE25 -12 WD 2004/ 092066
PCT/ @82eNUMBER49 TOT | VP (PPB- MOLAR) pb745298 23 13P
2.586 NF3 ( MOLE 99 100. 000 100. 000 100.p0O0 Batt ons
Takegfofsdglggs (PPH) 0.0500 0.5000 Z.590 42 42
Crude Feed Stage 30 30 30
Vapor Side-Draw Stage 35 35 35
Column Top Temperature (°C) -75 -75 -75
Reflux Temperature (°C) -75 -75 -75
Distillate Temperature (°C) -75 -75 -75
Bottoms Temperature (°C) -9 -11 -17
Crude Feed Temperature (°C) -60 -60 -60
Top Pressure (psia) 215 215 215
Condenser Pressure (psia) 215 215 215
Boitoms Pressure (psia) 217 217 217
Qverhead Takeoff Rate (PPH) 99.65 99.20 97.20
Reflux Rate (PPH) 2000.00 | 2000.00 | 2000.00
Botioms Takeoff Rate (PPH) 50.35 50.80 52.80
Vapor Sidedraw Rate (PPH) 0.00 0.00 0.00
Crude NF; Feed
NF; (PPH) 99.70 99.70 99.70
F116 (PPH) 50.00 50.00 50.00
NoFz-¢ (PPH) 0.10 0.10 0.10
NoF,-t (PPH) 0.10 0.10 0.10
NoF4 (PPH) 0.10 0.10 0.10
Overhead Takeoff
NF3 (PPH) 99.65 99.20 97.20
NoFo-c (PPH) 0.00000 | 0.00000 | 0.00000
NoFo-t (PPH) 0.00005 | 0.00000 | 0.00000
Overhead NF; Product Composition
NoF,-¢c (PPB-MOLAR) 0.251 0.005 0.001
NoF,-t (PPB-MOLAR) 574.047 | 23.133 | 2.585
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W@ 200020602F4 (PPH) 0.1000 0.1000 0.1000 Col un@ir/US2004/011249

F116 (PPH) 50.0000 50.0000 50.0000 N2F2-c (PPH)
0.0997 0.1000 0.1000 N2F2-t (PPH) 0.0994 0.0999

Si dedraw NF3 (PPH) 0.0000 0.0000 0.0000 F116 (PPH)
0. 0000 0.0000 0.0000 N2F2-c (PPH) 0.0000 0.0000

0. 0000 N2F2-t (PPH) 0.0000 0.0000 0.0000 N2F4 (PPH)
0. 0000 O. OOOO O OOOO Maxi mum | nt er nal

Concentrati ons

iL7St_ crs NZF2- k‘ﬁyﬁn&gg 1382 |
. \V A I N
( MOLHE /é 42 1066—19: GGGG 5.5700 1\;}2{2\0 Eqbfmo*./@cﬁ .
34 :"o”s‘ s.“”Ez'r MEE—90-6--3386—6-365 ’L'%E{” -G0—MEpCIN2 4
STAG r - 8 |
contlr ket AHa corparat-ve—exanple—; 9300 1,000 0d 2'5{000
PFCLE1AGEPH) this conpat-ati-ve—exs r?giog%gﬁg%@ot 139.0000 Nt
of NAREzAMPHdncent ration for eadh)0397npEA0R0 |nBASO,
and [ N2 (PRHbccur _at  hi gher poi nt]s0-9994t h®.09P% 11 9.1Q00; pn
5 calN{PPX¥ t hout a si dedraw st r ea®hi%00he 0c1@PQ m0.1000
congentration of each increase gignificantly,| up to
42. 1 Golinen Sidedrawne case. before tlhese ihpuritiles
appedfs (APH)he bottom stream and ¢ah0d®® | €do0@d 6.0¢00
t he | EolauprH) Exanpl e | 10 Thi s exan®dedoi 5 oiodemt|i @.edoot p
conpapBtd PeHexanple 1, with the |exgmpt] amodddt 0.6006
_pph|si,dadpemy | s removed from the |do.sdool | atdoom |c@booan
at :nzgq ppdp. The results of thig gosdbl | lodob®N @b®0
shown 1Tn Tabl'e 3. TABLE 3 CASE NUMBER 7[ 8 9 13 WD
2004 MERieh IR IdterhalSondBirdlibag &Y # |Of Stapes 42742 42
Cr ud stdeet Whidgeodéurs0 30 Vapor |Si de- Dr aw St gge 35 B5
35 | GoFmoLeps)lenperat ure (OC) -86.200tP| 1772000 | 4.8500
MAX NoFo-¢c STAGE NO. 37 38 39
NoF2-t (MOLE %) 42.1000 | 19.6000 | 5.5700
MAX NoFo-t STAGE NO. 34 37 39
NoFy (MOLE %) 0.3380 | 0.3050 | 0.2460
MAX N;F, STAGE NO. - 40 40 41
COLUMN DIAMETER (IN) 8 8 8

5

10

In contrast to comparative example 1, the presence of PFC-116 in
this comparative example causes the point of maximum concentration for
each of NaoF2-¢, NoFo-t and NaF4 to occur at higher points in the distillation

' column. Without a sidedraw stream, the column concentration of each

increase significantly, up to 42.1 mole % in one case, before these impurities

appear in the bottom stream and can be removed from the column.

exception that a 4 pph sidedraw is removed from the distillation column at

Example 1

This example is identical to comparative example 1, with the

stage 35. The results of this distillation are shown in Table 3.

TABLE 3

CASE NUMBER

I~

100

{0
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Ref | ux Tenperature (OC)
Tenperature (OC)

-75 -75 -75 Distillate
-75 -75 -75 Bottons Tenperature (QOC)

w0 0040%06d7 Crude NF3 Feed Tenperature C -60 PEOUS2060011249
Top Pressure (psia) 214.7 214.7 214.7 Condenser
Pressure sia 214.7 214.7 214.7 Bottons Pressure
(psia) 216.7 216.7 216.7 Overhead Takeoff Rate (PPH)
96. 11 95.38 93.26 Reflux Rate (PPH) 2000.00 2000. 00

2000 08,0l Loms Takeol  Rate (PR 9.9 50,62 5.7¢
T VWV T\atr T \I'I'I_I) =. UU U . YU .l utT
FebllpRestiate o 20 09 20 g9 70| 396 FpAY do §
50 idgPrakSiege ¢ ppHy 0100140 35_1p $pra t§?PP4)
0. L0-0 10 0. 10 N2E4 PPH (. 1ﬂ 0-0-10 Ovrerhead
Ta(QQanRmT@m&rw{%)o: 38 03 2¢ NOE2L ¢ -(PPH) -75
0. nReihes Temperatire (CN0000  N2E2-t (Peiip 0l aafho |0 d800p
0. QDistiRte TomperatuielCNF3 Pr oduct Conmodbt i on -MPEA- c-75
( PPBotigmisARMPerade=l(°0) 002 0. 000 NIF2-8 ( PPBIMOIAR)Y
7. A0BidE NFy Feetl, T®dberal@(*CIVP_( PPB- MOLAR) 7. 468 5. 268
1.842 NF3 MOLE % 100. 000 100. 000 100. 000 Bot|t ons
Tak&sed Preddiud: @8RH) 0. 0500 0. 5000 2. 53000 | Buaey (|PRH.7
49| T3end) PR&dfte 4Ria9810 N2F2-c ((PPH).70| 0D@& Q. @34.3
0. DBSpmsNitEsguie (pdFH) 0. 0006 0. 0183285971 216N2H4 2R
0. p983 0.1000 0. 1000 Columm Sided raw NF3 (PRH)
3. PBYethehdOralebiiRass PPH) F116 (PPH) 092894 8| Gosl3894 930494
N2 FRefux @3 {ppHy U994 0. 0687 U. UTU{ 20060 | 2000.00 | 2000.00
Bottoms Takeoff Rate (PPH) 49.89 50.62 52.74
Vapor Sidedraw Rate (PPH) 4.00 4,00 4.00
Crude NF; Feed
NF; (PPH) 99.70 99.70 99.70
F116 (PPH) 50.00 50.00 50.00
NoFo-c (PPH) 0.10 0.10 0.10
NoF,-t (PPH) 0.10 0.10 0.10
N2F4V(PPH) 0.10 0.10 0.10
Overhead Takeoff ‘
NF3 (PPH) 96.11 | 95.38 | 93.26
NoF.-¢ (PPH) 0.00000 | 0.00000 | 0.00000
N,Fo-t (PPH) 0.00000 | 0.00000 | 0.00000
Overhead NF, Product Composition
NoF,-c (PPB-MOLAR) 0.004 0.002 0.000
NoFo-t (PPB-MOLAR) 7.405 5.271 1.841
TOT IMP (PPB-MOLAR) 7.408 5.273 1.842
NF3 (MOLE %) - 100.000 | 100.000 | 100.000
| Bottoms Takeoff
NF3 (PPH) 0.0500 | 0.5000 | 2.5000
F116 (PPH) 49,7380 | 49.9710 | 49.9810
NoFo-¢c (PPH) 0.0006 | 0.0313 | 0.0893
NoF2-t (PPH) 0.0006 | 0.0183 [ 0.0719
NoF,4 (PPH) 0.0983 | 0.1000 | 0.1000
Column Sidedraw
NF3 (PPH) 3.5377 | 3.8202 | 3.9418
F116 (PPH) 0.2618 | 0.0294 | 0.0194
NoFs-¢c (PPH) 0.0994 | 0.0687 | 0.0107
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WD 2004/ 092066 PCT/ US2004/ 011249 N2F2-t (PPH) 0.0994
0.0817 0.0281 N2F4 (PPH) 0.0017 0.0000 0.0000 Maxi mum

wo ndoagf9abe Concentrati ons & Stage at Wiich It (RCTIUS2004/011249

N2F2-c (MOLE % 3.5100 9.2100 4.4800 NMAX N2F2-c STAGE
NO. 35 37 39 N2F2-t (MOLE % 2.9000 5.8900 4.1200
MAX N2F2-t STAGE NO. 35 37 39 N2F4 (MOLE % 0. 4650
0.3230 0.2470 MAX N2F4 STAGE NO 37 40 41 COLUWN

DI I\I) 8 . 8 8 This exanple W5 3
Si ﬁg%m{lewnm uc used—to Zgiy?% \I'%ll%%g, gﬁg%—%’;—

l
el
ang |\|4|—l+ rrom t ||c cof i, —anct—so

CORE . evelaped—The potat-s—of—rax-im
congl:gf Tﬁ ttgéizﬂglc—g‘vo Eeritrations & akél at a h| gher poi nt

thﬂ_é(m léq/f')dll Ve exallple oyt 3?()3 'é%bd)“‘“hA&QO
OB FL S ioher2 e and NeFa-t o e COIT (TR Y

Co UL'-UI AY A Y ) E T l- Ull’-’ .v\l .L- 0 0
a gg!ﬁ}ﬂézﬂﬁ'ﬁTﬁﬁE(NQ-t ream conpri sing ?EF’% antl 39

hekdifls (MPR¥hane (PEC- 116) and NZFR4G50 NAR23Q | Ga¢r0
N2 FMIARNF4 IBTAGEIN@S is fed to a disBTllpti4an gol ém
operated under the conditions shown inj Table{4. The

copconumRiDIANSTER (fhe N2F2-c, N2R2-tg and NgF4 [ n ¢ he
feed stream are 1000 ppnrnolar each. The feed rate of
PFC-1 16 is 5000 pph. 15 The colum in this exanple is

LRSS IR Moty B
s FRBP UMbttt Nafe-C aanﬁﬁ ér%ﬁ& ol ”eaBQa'ﬁ?rfleQUC?ﬁ@ e
is cbncmtaftrdrﬁd)f éaﬁmd@tblmeca FThel pdintsvof siakiatmn ddrEentration of

STaBAEn o Slke sighlek el e SR8 shlmid S ne
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Cr mﬂxil’ﬁee'dc@ucagﬂmions ©f BBF-varol N cicarbBraons tesiglely 38d déed

Tenp a?%@léarggm;;%m%aé%ﬁmeg -75 -75 C Reflux

Comparative Example 3

In this comparative example, a crude NF3 feed stream comprising
NF; and hexafluoroethane (PFC-116) and NzF2-c, NoFo-t, and NoF4 as
impurities is fed to a distillation column operated under the conditions shown
in Table 4. The concentrations of the NaoFao-c, NoF>-t and Nx>F,4 in the feed
stream are 1000 ppm-molar each. The feed rate of PFC-116 is 5000 pph.
The column in this example is operated to remove the NF3 from the column
as an overhead distillate, while recovering the impurities as column bottoms. ‘
In this comparative example, there is no material removed as a sidedraw
stream. The results of this distillation are shown in Table 4.

TABLE 4

ICASE NUMBER 10 ok 12
# of Stages 42 42 42
Crude Feed Stage 30 30 30
Vapor Side-Draw Stage 35 35 35
Column Top Temperature -75 -75 -75
(¢C)

Reflux Temperature (°C) -75 -75 -75




WD 2004/ 092066 PCT/ US2004/011249 Distillate

Te

nperature (O

-75 -75 -75 Bottons Tenperature (O
WO 2004892065 ude Feed Tenperature -60 -60 -60 C HOPUS2004/011249
Pressure (psia) 214.7 214.7 214.7 Condenser

Pr

-8

essure

(psia) 214.7 214.7 214.7 Bottonms Pressure (psia)
216.7 216.7 216.7 Overhead Takeoff Rate 99.83 99. 20

97.19 (PPH) Reflux Rate (PPH) 5000.00 5000.00 5000.00
Bott = ; PPH)
Vaporiee et PPH -0 0p—0—h0 00—t NF3
FeEai9pTe ey o o 2o ook 76 ot 2 82000, 00
n T - 60 \ 80,7
50 EJoT Rorp-c ©PpH)| 0. 189 0. 10 099 NzFz-t
(PPH 610016610 —NeF4—(FPH—6-10-Hr 160710
N L. DD [aY i ad [aYal n =7 10 -1

B RR) o oh o W0d +aibd o Pt To 58330
0. Bty e (eI 2ol o Bdds I Gefdda g 00004
nglm O&sfrﬁﬁredpﬂ@llr‘f (‘nmrjci i or\éﬁ!‘é?1 [~/ Dl:gi_él\?ﬂ R)
3 232 00000 000 N2E2-¢ (DDR- MOLAR) 1897199 403
17 e%f'.%%‘%f”ﬁﬁ?z-t ( FEEB3OLIAR) 9914870901. B58 4752. 819
‘43 TOC II\D ( B N I\R) 1069104 19?f A770 /|83
43 efy‘%?at%EEH> E ,3 SQQ‘O@ 3 *VW;QQ 1 nn5Q—QQrQU ot tons
T gs ka0 0. bsef9°d25q0 0502“57500 ?‘?0 ?é (PPH)
0. i EXL B0y d o088 989 u.og 3 N2F4
( BRH-—Q-10000-100010-1000

Crdde NF; Feed

NF; (PPH) 99.70 99.70 99.70

F116 (PPH) 500000 | 500000 | 5000.00

NoF2-C (PPH) 0.10 0.10 0.10

NoF ot (PPH) 0.10 0.10 0.10

NoF 4 (PPH) 0.10 0.10 0.10

Overhead Takeoff

NF; (PPH) 99.65 99.2 97.19

F116 (PPH) 0.00000 | 0.00000 | ©.00000

N,Fo-c (PPH) 0.08330 | 0.00000 | 0.00000

NoF -t (PPH) 0.09940 | 0.00044 | 0.00004

‘Overhead NF; Product Composition e

F116 (PPB-MOLAR) 3.230 0.000 0.000

N,Fo-C (PPB-MOLAR) 897199.403 | 17.664 0.862

N,Fo-t (PPB-MOLAR) 1070001558 4752.610 | 435.402

TOT IMP (PPB-MOLAR) | 1968104.193| 4770483 | 435.264

NF, (MOLE %) 99.803 100,000 | 100,000

Bottoms Takeoff

NF, (PPH) 0.0500 0.5000 55000

F116 (PPH) 4999.9490 | 4999.9550 | 4999.9640

N,F o (PPH) 0.0165 0.0085 0.0987

N,F.-t (PPH) 0.0006 0.0989 0.0993

N, (PPH) 0.1000 0.1000 0.1000

Column Sidedraw

NFs (PPH) 0.0000 0.0000 0.0000

F116 (PPH) 0.0000 0.0000 0.0000

NoFo-c (PPH) 0.0000 0.0000 0.0000

N,Fo-t (PPH) 0.0000 0.0000 0.0000

N,F, (PPH) 0.0000 0.0000 0.0000
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Col um Si dedraw NF3 (PPH) 0.0000 0.0000 0.0000 F116
(PPH) 0.0000 0.0000 0.0000 N2F2-c (PPH) 0.0000 0.0000
W@ 2000®20602F2-t (PPH) 0. 0000 0.0000 0.0000 N2PAT/(PIbBY/011249

0. 0000 0.0000 0.0000 -16 WO 2004/ 092066

PCT/ US2004/ 011249 Maxi mum I nternal Concentrations &
Stacie at Wiich It Occurs N2F2-c¢ (MOLE 9% 86. 2000

40. 2000 17.5000 MAX N2F2-c STAGE NO. 22 28 29 N2F2-t

(NG:E—%—G—%%@)G%&—Q]QGQ—}S—%EHAQ&G—REFZ—H—SJZAGE NO.
12 26-28—N2F4-( MOLEL 04 000414 00039 903 7—MAX N2F4
ST@@%H I eﬂ%g@&% ! tgjcc$s§ s lin this
copBErS Q%@Y mpl e, | t B3200: 4l 402000 prH 300 L) ative
toM'%MQFZ'ﬁmsT'ﬂﬁaNon the cfide Feed?&tre ' par abl e
t ol NaFeattMRLE %) annpar i £.88004¢ iﬁ?}ﬂ@oorn w399y ng no
si M Fert SEABENGt 1 i hper1%al ubm 28 1 ow ng 28 5
exNeBcMOLE %li still at| of-Q%0 unh (P1988 101600937 he
exMACNAnBTAGRNO ncrease34 n PFC- ¥ 16 fed ersuls
copparative exanple P causes the pointk of naxijnum

C OJUCHIUVNEDIADIETER (Iach of 8t he N2F28c, N2F2-8 and N2F4
to shift even further up the distillation colum, and

causes a substantial increase in the intracolum
concent rat ilm‘lhIB'IDOim'paTBWe eRarApte, almifme of PF4$16 relative to

o7 hat oy m B FRd e SN BEpalaHie fo fR4E figid appearin a
Nzlémppermmn hanmgma:derdraWesaluzstpmwmlumn follewing an
5, c Ole%%cﬁvéﬁisltlllﬁfcﬁw cﬁ?ﬁms‘i‘ni 1T€'a§ tﬁé%@tdrﬁeﬁéﬁﬁér@%e in

arati ve exa re I s now
a ﬁf%ﬁt%é‘ede/@f%w camparﬁém @PFBE]P'%? caugge shenpainkegiymaximum

' n%ﬁééﬁl@'aﬁdrpm é’é’cH@f 18 N, Fo&, NeFult taid M, b Shift even further up
E)EBJ% ls?'& mam Sen in Table I% TABLE Sk_ﬂg@
' atiQP ¢Q "H‘ §nd Sauses asinsantial ingrepRe iadbg intracolumn
St 200 céhtratiortmaxivaynarof i fre-cArIWNSE #H eelsOs TOmparata example 2.
10To Q)oTrﬁg?ﬂ%H?{huersg c’aﬁge 'a735ighi?iéant increase in the concentration of each of
NoF»-c, Nze-f and NxF; in the NF; product in the column distillate.

Example 2

This Example is identical to comparative example 3, except that
15  there is now a 10 pph sidedraw and the number of stages has been
increased from 42 to 62. The results of this distillation may be seen in Table

5.

TABLE 5
CASE NUMBER 13 14 15
# of Stages 62 62 62
Crude Feed Stage 45 45 45
Vapor Side-Draw Stage 50 50 50
Column Top Temperature -75 -75 -75
(°C)
Reflux Temperature (°C) -75 -75 -75
Distillate Temperature (°C) -75 =75 -75
Bottoms Temperature (°C) -8 -8 -8
Crude NF; Feed -60 -60 ;60
Temperature (°C)

-17 -



C Reflux Tenperature (C-75 -75 -75 Distillate
Tenperature (OC) -75 -75 -75 Bottons Tenperature (OC)

WO 3004892086 Crude NF3 Feed -60 -60 -60 Tenper apCr/@S1000)11249
-17 WD 2004/ 092066 PCT/ US2004/ 011249 Top Pressure
(psia) 215 215 215 Condenser Pressure (psia) 215 215
215 Bottons Pressure (psia) 217 217 217 Overhead
Takeof f Rate 98.86 94.53 89.98 PPH Reflux Rate (PPH)

5006 060—5000-06—5600r 00— Buttpms—Take 991. 14
Tone PressiiOts P F‘;’a;z%;ﬂ S &%@ o %
oo PR e ek 20 ook of Sobd 00 2ierd
T e T e AL AT

N2E4 (L RPPHy 0 10 0101 010 Overhead-—F ( PPH)
s NRMEY tACHHRID 8ol 98B NoF2¥X PRH) % Bbodo
0. 305-0HHR000—N2H2 {-PPH0 20000 C.O"L"%" . 00000
Ovier %ﬁjﬁ?‘ﬁﬁ;roduct > Q,Q_QhOZJit-C?} 2o le P l~‘!T51.¥J"LAR)
0. GRS TEETHRTB0  NoFst - rRR- MTPAR) |0, 28898, das
0\ Natbr Sl e A TS o N IO
( 7y LUV 1LUUVU 1UU DUL L UITO TANCTUIT 1 I O. 0500
0. 5900-—2—-2600—1316—(PPH) 492‘0. 088649948650
49 .dJ Te ¢ 5000076008034 —N2F2-t
(PRES FP015 o 0916 1o 994D 9. 99.70

F116 (PPH) 5000.00 5000.00 5000.00

NoF2-c (PPH) 0.10 0.10 0.10

NoFo-t (PPH) 0.10 0.10 0.10

NoF4 (PPH) 0.10 0.10 0.10

Overhead Takeoff

NF3 (PPH) 98.86000 94.53000 89.98000

NoF,-c (PPH) 0.00000 0.00000 0.00000

NoF2-t (PPH) 0.00000 0.00000 0.00000

Overhead NF; Product Composition

NoF.-c (PPB-MOLAR) 0.000 0.000 0.000

NoF.-t (PPB-MOLAR) 0.496 0.048 0.024

TOT IMP (PPB-MOLAR) 0.496 0.048 0.024

NF3; (MOLE %) 100 100 100

Bottoms Takeoff

NF3 (PPH) 0.0500 0.5000 2.5000

F116 (PPH) 4990.9880 | 4994.8650 | 4997.4100

NoF2-¢ (PPH) 0.0005 0.0007 0.0034

NoFo-t (PPH) 0.0016 0.0016 0.0044

NoF4 (PPH) 0.0996 0.0998 0.0999

Column Sidedraw

NF; (PPH) 0.7902 4.6670 .7.2175

F116 (PPH) 9.0115 5.1351 2.5903

NoF.-c (PPH) 0.0995 0.0993 0.0966

NoF,-t (PPH) 0.0984 0.0984 0.0956

NoF4 (PPH) 0.0004 0.0002 0.0001

Maximum Internal Concentrations & Stage at Which It Occurs

NoF2-¢ (MOLE %) 13.8000 1.8700 0.9480

MAX N,F2-¢c STAGE NO. 44 44 44

NoF2-t (MOLE %) 19.9000 3.5000 1.9100

MAX N,F2-t STAGE NO. 43 44 44
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N2F4 (PPH) 0.0996 0.0998 0.0999 Colum Si dedraw NF3

(PPH) 0.7902 4.6670 .7.2175 F116 (PPH) 9.0115 5.1351
WQ2890R060N2F2- ¢ (PPH) 0.0995 0.0993 0.0966 N2PFCF/1S2004/011249

(PPH) 0.0984 0.0984 0.0956 N2F4 (PPH) 0.0004 0.0002

0.0001 Maxi mum Internal Concentrations & Stage at

Wiich It Occurs N2F2-¢ (MOLE % 13.8000 1.8700 0.9480

MAX N2F2- ¢ STAGE NO. 44 44 44 N2F2-t (MOLE 9% 19.9000

AN __NID + C"I'I\r"|— AN 4 A 4

3- \J l\Vr\I\ I Fq A;-A 8 VD
2 74 }1 o nr*r{gl IS20 470(,\01042? \I{gﬁg‘ﬁo 7*‘%0042

0. zﬁ_@ X—N2 FAGE-NO—b2-55-56—Ca-4YWN
DI

Al\n:-r-p (1N ' l e shoews—how—a—siHdedr aw
st (G4 M)AMETEQ%N J§  Bnove NOED L . IN2F28¢ and N2F4
fromthe colum, and so reduce the concentrati on of

each devel gped. The conbi nati on of increased colum 5
stages and Kligexampieashowvanpwa sidgday,siraam aaybe pged to

1N

A4

g; 5%@%?:%9& NEleb@anQNZﬂ,'ﬂ%% gge mhwr%us@ fedate the
O RbBoRp st AarCayelona T SO ol o TACB80 cBlumn

5 SIZEEa as aﬁwlsﬂéd!ﬁ‘a@«v akso atlow NF(L;,I eabst:anflawy free af impurities to be
is mn erated under the conditions
Gl St By

oncentrations of the N2F2-c,
N2F2 t and N2F4 in the feed streamare 1,000 ppm nol ar

each. In case nunber @gmpiRafivéiExapmste 4 gh boiling
compound is fed. In case nunbers 16, 1/, 18, 19 and

20 the add'Ih'tﬁ’i@%‘on*fbeﬁatl\li@ék@hﬁlepﬁ(ér&é@NF"g'@Eé‘d Lfredth comprlsmg

10tH Eﬁﬁ%ﬂearu{\ﬁmc,. et and Nodre SRARLLHES 18 Ted tp 2t gl gplumn

operated umnoer te venditiomepsitows in Waleleaa efihé coneamivatidriseof the

e S N BB A S .

comaeam.nmbere'bﬁampl aglditiariad high boiling sampound is fathvidcase

o ﬂuﬂ‘?r?er%al\@ el L 8079 al &h§ ?Oetﬁéil#ﬁltgf a]rﬁigfﬁ t?cgle&APFC 116, HCFC-

1515 226 HFC-28, mgczaz and HFC 125 respectively-are also fed to the column in

the crude NF; feed steam. The column in this comparative example is
operated to remove the NF3 from the column as an overhead distillate, while
recovering the impurities as column bottoms. In this comparative example,
there is no material removed as a sidedraw stream. The resulfs of this

20

distillation are shown in Table 6.
Table 6

CASE NUMBER 15 16 17 18 19 20
High Boiler None | PFC-116 | HCFC-22 | HFC-23 | HFC-32 | HFC-125
# of Stages 42 42 42 42 42 42
Crude Feed Stage 30 30 30 30 30 30
Vapor Sidedraw Stage 35 35 35 35 35 35
Column Top Temperature (°C) 75 -75 -75 -75 -75 -75
Reflux Temperature (°C) -75 -75 -75 -75 -75 -75
Distillate Temperature (°C) -75 -75 -75 -75 -75 -75
Bottoms Temperature (°C) -51 -9 36 -19 18 26
Crude Feed Temperature (°C) -60 -60 -60 -60 -60 -60
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Hi gh Boil er

None PFC-116 HCFC 22 HFC 23 HFC- 32 HFC- 125

# of Stages 42 42 42 42 42 42 Crude Feed Stage 30 30
W@00030986 30 Vapor Sidedraw Stage 35 35 35 35P@BUSHI04/011249

Col utm Top Tenperature (OC)

Ref | ux Tenperature

Distillate Tenperature (QC)

(OC0)

-75 -75 -75 -75 -75 -75
-75 -75 -75 -75 -75 -75
-75 -75 -75 -75 -75 -75

Bott ons Terrperature C-51 -9 36 -19 18 26 Crude Feed

Top BESSIH @LET ‘;AY.".AS&?]S?&L‘?ﬁ 6P =98 11%M®80 [ o151 a5
Condgliger Breséufe tsiar " S~ 216 [ =215 1 157> 7 A5 Y CR187 0 215
Bottdps Présstredpsta) ) - i Xl e i 0 DA Tl e = P
O Z Lo~ Z 1O U U1l CSS3Ure—(pPoara 11 Z2XT7T 21T
17 ')17 ')17 Norhlaad Tal A‘F‘F D. a L DDLN C 'O A

Overﬁeadafkeﬂtf‘liaée ERrE e ash g koL st S ST 39ER> 199982 | ooes
Reflu S (PRHY, A o "ZO [Q;DO,,QZQOO [ﬁ) L R@(}‘ ' Qcﬂjq: 2000.00 | 2000.00
Bottoms, TakeqTt Rale pp| 038 cp =035 ToBUBR "1 B035.4" 5035 | 50.35
Vapqﬁé@sﬁfa\éﬁﬁ“&é%w Rt b PRBiy 0080 008 04 L g_g00 | 000

0.00__Crude NF3Feled NF3—{RRH 99769917099 7609 7¢
Cru iler le_|< 500050 00
NFs ®8Hbo 50 00 50 00 | ne o |k P98 [ 0994001894044 §°78 | 99.70
HighBolgs RPH0 np172- ] (Pemn b 3909 105899 01059800 [14980,q 50.00
NoF2APAHY ppH) 0 10 0 1094970/ 0078 0l 1010 10 By hea®To 0.10
NFot RN £ NE3 (DDl—n 000d8 op @=1009| - g5 ®Y g5 QQJ?Q:R 0.10
NoFaBRH). ¢ (pPH) 0000009 %a0bod- 18 opods% _godht o loohih 0.10

0.00000 _ N2E2-t (PPH) _0_00000-0.-00005 000000 (. 00000
Overhearhfakeof 00000 H gh Boiler (PPH) - ---. -~ 000000
NFs ®PHD000 0. 00000 0 DOPRRP 0| 086l | O92BRead SRER pr $4H6: | 9965 |
NoFoCdRBdsi t i ons N2F2- ic O0RHE. VOOARS0 o Ot§90d) | 2000080 (400000 | 0.00000
NoFo6) (RRtF® 0. 004 0. 007 | RPPYAO: | OHPRASVNIOARIOR | fRPOBY 4 G0PR00 | 0.00000
High Bpilg42PH5. 429 16. 0B6~24: 158.000§0yh OF9PP% | Q.49080 1r§.00RPO | 0.00000

----- -- 0.000.0.000 28. 205 0.000 0.000]| TOT 1N
Ove ct&o, Sitigns 298| 17. 947 63. 644 (16. 090 (24, 175
NoFARBPBMALAR)Y  100. 0000.290. 0002500 00994.00. @®9° 100.0508 0.007
NoF,2 (RPEBIOLARDt t ons  Tpk®89% NB24.047PH) 178435003%4495(016.086 | 24.168
High®ol5 (RPBMOEAB) 0. 0500-6-05000.000 0.000 28.205 0.000 0.000
TOT IMP (PPB-MOLAR) 8.810 574298 | 17.947 63.644 16.090 24175
NFs (MOLE %) 100.000 | 100.000 | 100.000 | 100.000 | 100.000 | 100.000
Bottoms Takeoff
NF; (PPH) 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
High Boiler (PPH) ——————— 50.0000 | 50.0000 | 50.0000 | 50.0000 | 50.0000
NaFs-¢ (PPH) 0.1000 0.0997 0.1000 0.0999 0.0999 0.0999
NoFo-t (PPH) 0.1000 0.0994 0.0999 0.0998 0.0999 0.0999
NoF4 (PPH) 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
Column Sidedraw
NF; (PPH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
High Boiler(PPH) | =meeeeme 0.0000 0.0000 0.0000 0.0000 0.0000
NoFa-c (PPH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NoFo-t (PPH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N2F4 (PPH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Maximum Internal Concentrations & Stage at Which It Occurs
NaFa-¢c (MOLE %) 32.6000 | 36.2000 | 32,7000 | 20.8000 | 31.6000 | 32.8000
MAX N;F>-c STAGE NO. 41 37 39 37 39 38
NoFo-t (MOLE %) 36.7000° | 42.1000 | 30.0000 | 24.6000 | 29.2000 | 28.8000
MAX NaFo-t STAGE NO. 41 34 39 37 39 38
NaF4 (MOLE %) 20.5000 | 0.3380 2.1500 0.1530 1.6300 1.0900
MAX NoF4 STAGE NO. 42 40 40 40 40 39
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Hi gh Boiler (PPH) ----- -- 50. 0000 50. 0000 50. 0000

50. 0000 50. 0000 N2F2-c (PPH) 0.1000 0.0997 0.1000
w@2099%066 0999 0.0999 N2F2-t (PPH) 0.1000 0. OBOHUS2004/011249

0. 0999 0.0998 0.0999 0.0999 N2F4 (PPH) 0.1000 0.1000

0. 1000 0. 1000 0.1000 0.1000 Colum Sidedraw NF3 (PPH)

0. 0000 0. 0000 0.0000 0.0000 0.0000 0.0000 Hi gh Boiler

(PPH) -------- 0. 0000 0. 0000 0.0000 0.0000 0. 0000

P .. V-V W\ A-L-O-O—A—O-O-O-O

N2F2=c—(PPH—00600070 000070 000010- 0600
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Maxi mum | nt er nal Concentratl ons & St age a

31 600dnd5THah L0 Fe NABer TERkEgb ﬁ%owi%?%iq%%%ﬂdﬁ?or%%'gh

batler isN2E2tHe PreSeRcepf e Mgbdoilets sG@ReIUNMINEE tHithédgh 20

ofSeble Bmr A Br P G manirgnh coaBTtin b B INGF g5 e

5 tando¥go towumthlgseA@Elntﬂn ihe digfillaiongohanize - 20 WO
2004/ 092066 PCT/ US2004/ 011249 Col urm Di anet er

(inches) 8 8 8 8 8 MpfPgtrast to case nunber 15 of
tabl e 6, vvhere no a%éé‘t‘% high boiler is fed, the

pr €s e” x'é\P’?‘pIQ '|§i’aeﬁﬁd:él% %a!sﬁ ntifters H%"iﬁf&u@@o of

t hr ou cause the pol nt
coppRia ve axam@lef b exceph that thereds aowna dopph sidgdeavwp Ehet o

10 re@@l@eubf s @l'sﬂmrorﬁﬂbWb‘é seentiRerabisi | 1 ation col um.
Exanpl e his exanple is identical to case nunbers 16

[

there is nowa 4 pph sj L_The 10 results of thi

distillation may be seen |n Table 7 Table 7 CASE
2521 b gh B®iler BEC 1 1@4HCEC
HEC-23 HFC- 32 HEC- 125 # of St aa hg 42 42 42 42 (42
Figh BRier Feed St age 30PRer1 40| HOF&82 | \Soe3 S RRGi2 HECATES |
35 35 35 35 35 Columm Top Tenperature (OC) -7% -75
#of Bgeys - 75 Ref|uk Téhpetatfide (OCH2-75% -#B - 75 425
Crudeg-eepiStage| | at e Tenped®t uf e g;DC) -7%2-75 - P8 -15 3¢5
35 35

Vapor Sidedraw Stage 35

Column Top Temperature (°C) -75 -75 -75 -75 -75
Reflux Temperature (°C) -75 -75 -75 -75 -75
Distillate Temperature (°C) ~75 -75 -75 -75 -75
Bottoms Temperature (°C) -8 37 -18 19 27
Crude Feed Temperature (°C) -60 -60 -60 -60 -60
Top Pressure (psia) 215 215 215 215 215
Condenser Pressure (psia) 215 215 215 215 215
Bottoms Pressure (psia) 217 217 217 217 217
Overhead Takeoff Rate (PPH) 96.11 95.80 95.98 95.82 95.81
Reflux Rate (PPH) 2000.00 | 2000.00 | 2000.00 | 2000.00 | 2000.00
Bottoms Takeoff Rate (PPH) 49.89 50.20 50.02 50.18 50.19
Vapor Sidedraw Rate (PPH) 4.00 4.00 4.00 4.00 4.00
Crude NF; Feed

NF; (PPH) 99.70 99.70 99.70 |_ 99.70 99.70
High Boiler (PPH) 50.00 50.00 50.00 50.00 0.10
NaF2-c (PPH) 0.10 0.10 0.10 0.10 0.10
NaF2-t (PPH) 0.10 0.10 0.10 0.10 0.10
NoF4 (PPH) 0.10 0.10 0.10 0.10 50.00
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Bottons Tenperature C -8 37 -18 19 27 Crude Feed

Te

nper ature (OC)

-60 -60 -60 -60 -60 Top Pressure
W@ paiad208d5 215 215 215 215 Condenser

Pr essur BCT/pS1083/011249

215 215 215 215 215 Bottonms Pressure (psia) 217 217
217 217 217 Overhead Takeoff Rate (PPH) 96. 11 95.80
O5pefr 96xt82 95.81 Reflux Rate (PPH) 2000.00 2000.00
2000. 00 2000. 00 2000.00 Bottons Takeoff Rate (PPH)

49098hei Takesff- 02 50. I8 50. T Vapor| Si dedrpw Rat €
( FRFT (PPLYU_4- 00_4- 0074 (g 714. 0 95959Udlé 0¥sB FECO5.8F 3| 05,81
(NP, c1BpP™ 99 7099: 700 G079 90008 | lobaboBhblogbod Piofdboo
SO PO S0 00”5000 Bhost | Meduvenc] BORd PosBoth 1900000
BN BoltF (S0 NP2t 74 math |05 6650 80850801 8088607 | Bb0000
FA—(rrry U U U110 Ul U 10U OU0. U0 -Z17V
-II\-S'IN 2','-.C(II:> 1 LDA oo A oA Ag .00 206‘)@*8 -hz ;\§QO1AAL\AQ'002
o 7t (PRESMOLARY -~ o A 7A08 - | e 1 5030 (L 3%00 1 -4.556
i (igh Boller (PPB-MIQEARY ™ A G008~ |- 0000 " 28013 " A0~ F0.000
0. |BREMA L@&: LAR) wio | /oA08" 17 4sa7 - [” 30054 L 280" | 4.558
(. Bua VAT \/OYO 004 O. OC21 9?0 BL T CUEOI flugaLm E LOQLO 100.000
( FEB-MOLAR) —7.-405-4-346—5-6393-908—4-556—Hgh—Bett-er
( FESteEs 0000.060-25-5643-0-0006_060FOE AP
(AR RN 7 408 4 34709P00d, 0050 of D50l | (GOS0Dypy Q0500
99 HEBERAPRAY 000 104 #hBY dodhR0 1042 P01 49.9900
TalelerPREL ( ppry 0. 0508 0H0%509- 080850 02 TR h J) 08 78 5 00283
H B&é&iﬂﬁr_waw_ag_zz 7388008 1088326 o D425 41, Q0084 T 0.0178
49NeREBPANDES. ¢ ( ppHy 098885 |0 0dRBR | JoPe h GIPPE | 0.0999
0.0283 _NPF2-t (PPH) (. 0006 0226 0l 0125 0/ 0263 ‘
0. 0 aWppH) 00933 0. 1000 0. 1000 0 1000 0._0999
ColNiatPPE) dedr aw NE3 ( BPEP3E 53 PP585 g5 3780 g7 pf290g g$H8360
3. |ghighdBoiler (PPH) 0.2618 0.0129 0.1643 0.0452 0.0100
NoF,-¢ (PPH) 0.0994 0.0592 0.0781 0.0521 0.0717
NoFo-t (PPH) 0.0994 0.0774 0.0875 0.0737 0.0822
NoF,4 (PPH) 0.0017 0.0000 0.0000 0.0000 0.0001
Maximum Internal Concentrations & Stage at Which It Occurs
N,Fo-¢ (MOLE %) 3.5100 | 25.8000 | 9.5100 | 25.2000 | 19.3000
MAX N,F,-C STAGE NO. 35 39 37 39 38
NoFot (MOLE %) 2.9000 12.6000 | 5.8700 13.1000 | 9.9200
MAX NoF,-t STAGE NO. ' 35 39 37 39 38
NoF4 (MOLE %) 0.4650 2.6800 0.1650 2.0100 1.8800
MAX NoF4 STAGE NO. 37 40 39 40 39
Column Diameter (inches) 8 8 8 8 8
This example shows how a sidedraw stream may be used to
remove NaoFa2-t, NoFo-c and NoF4 from the column, and so reduce the
maximum concentration of each developed. The points of maximum
5  concentration of each impurity in cases 16 through 25 where a high boiler is
added is still at a higher point than in case number 15 where no high boiler is
added, but the maximum concentrations of NxF>-c and NaoFo-t are
considerably reduced compared to each high boilers respective case in
comparative example 4.
10
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H gh Boiler (PPH) 0.2618 0.0129 0.1643 0.0452 0.0100
N2F2-c (PPH) 0.0994 0.0592 0.0781 0.0521 0.0717

wWOR#62/09206°PH) 0. 0994 0. 0774 0.0875 0.0737 0. 08PCT/UNDP4011249

5

10

(PPH) 0.0017 0.0000 0.0000 0.0000 0.0001 Maximum
Internal Concentrations & Stage at Wiich It Cccurs
N2F2-c (MOLE 9% 3.5100 25.8000 9.5100 25.2000 19.3000
MAX N2F2- C STAGE NO. 35 39 37 39 38 N2F2-t (MOLE %
2.9000 12.6000 5.8700 13.10 0 MAX N2F2-t STACE
NO. 35 39 37 39 38 N2F4 (N@iﬂﬁéﬁ. 4650 2.6800 0.1650
2.0100 1.8800 MAX N2F4 STAGE NO. 37 40 39 40 39

Col umm b qe%ecrlalﬁ es) 8 8 8 8 8 This exanpl e shows
how a si may be used to renobve N2F2-t,
N2F2-c and N2F4 fromthe coI um, and so reduce the

max( wmpgef&%gg 1 feBlofib tHBEH gsm% {108 ANty

maxi mum concentration 0 eac uri é In cases 1
t his§lRgted Borhihedraupicgnsisting of dlr%tromé upgdeg gnf|dinjtrogen

hi géesflusidet intd st rrfb(tgﬁﬁ@orﬁpﬂgﬁg nifogdietrRluBAd8iada sald at least
boiler. is addﬁinlPr ut the nmaxi mum concentrati ons of

N2 RPEIMPYFtY SR Progess CORREISHG: abl y r educed conpar ed
to each (&) gh distillingy said disgienikture ic asdisiillation @ohanain the presence

ex %ﬁ%) C%WOLE“OC{ @%ng%ﬁl Qogrﬁ-%\ff %of’ﬁg ol jrg{g@éﬂ Qﬁt}ggen trifluoride;

r educi ngb} he removingta aecend mixtute teraptisiogsaidmpleastone

'grﬁﬁgﬁg/ Jférﬁ@gﬁdqﬁlsﬂﬂé)cb?i &%‘ﬁl'nsét' mﬂf b%ivsﬂéletnr t‘PIQGiBP and the

dinitrogen etra uor I
UPE‘ eloraid idistifgtion P‘P@}gt!h trifluoride and said at

I eat t Q@e I rmw:vtmg a ﬁ%ﬂcﬂpﬁd}@@e&ﬁnﬁm 'sé}d‘a(??nab@dnd having a
5" Hidher ke beiing ol et Bipesnd eride, rafingihaiiom of said
not:llBiiIIahm tolgnhmainat than nitrogen trifluoride; (b)
[ I t
oo 14307, o T A bioBelATRIO R bt halipg Faflced e
betcweeentrat@rt ofsaidhat least oneimpurityfframitie thpsof sdiddisdiffation

i (c) renoving a third m xture conpri sing
sal conpound having a 15 hi gher normal boiling point

Othan nitrogen trifluoride fromthe bottom of said

25

30

35

di gti || FheqtroesddsTclainid wherein said compound having a higher normal
boiling point than nitrogen ftrifluoride is introduced into said distillation column
during said distilling step in the liquid phase at a point in said distillation
column above the point at which said first mixture is introduced into said
distillation column.

3. The process of claim 1 wherein said first mixture comprises up to
about 5,000 parts-per-million-molar of said at least one impurity.

4. The process of claim 1 wherein said compound having a higher normal
boiling point than nitrogen trifluoride has a normal boiling point of from about -

90°C to about -20°C.

5. The process of claim 4 wherein said compound having a higher nomal
boiling point than nitrogen trifluoride is at least one compound selected from
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(d) renmoving a nitrogen trifluoride product having
reduced concentration of said at |east one inpurity

wo e@aio9dees t op of said distillation colum. 20rPCr/USIve4/011249
process of claim1l wherein said conmpound having a
hi gher normal boiling point than nitrogen trifluoride
is introduced into said distillation colum during
said distilling step in the Iiquid phase at a.point in

sai [.on poi nt ,at whi ch

< aitfe BolA cofiii.of Dt BeR cavdtarESiogresons:

di dydréecidorofiucricanons3 hydiuehiorocarbensf perfiabrochriéres, @rganic
sai of fﬁ'ofg? : rises up to about 5,000
parOS‘é,JéE’ea:ﬁd %{r{-gr?g ar of said at |east one inpurity.

30 4. The process of claim1 wherein said conpound

5hag, ng gHy &B@ésé‘ Bf &Ekm Whér‘eﬂgs%' ﬂnﬁ% ﬁ‘é\fiﬁ%%%gher normal

trifluoride ma| 0|I|n rom

90BOIBIARI than sttrogen ﬂ‘ﬁ'éwﬁide&eg% st enarampownd selected from
sarmle groupehthisting ofethané, %@baﬁ@rm&eﬁé h@thylrfmnoﬁaé nt

t fI d I
o L RbfEhe. Moot 4 SobeSReh i sena Lisoghane,
t hehtprodifiucmmsethahegmethyh ghioviday bexasﬂuoroethane nitrous oxide,

hy r
10 grég: W@Pg@%f E%{]b?nylper(ﬁ E%@%O?ééﬁé;&%% oxi des
and i norgani c oxides. 5 6. The process of cI al m 5

Wh?r ei nTHpi ﬁo@é’é@@ﬁ&&n@@%ﬁ@e& E‘élefb%h nBhavit? b Hig¥er nomal
t than nitrogen trjfluqride s at ast one
bﬁ&lnecpog rqq%}ﬁﬂﬂyﬁ@d@ﬂsoefdeaetr@%t:@mgound selected from

et tengroupr mmsngquﬁdﬂh?nmoﬁw kifludrbmefiaie, fluoroethane,
fhu? ‘onﬂe / u%{ﬂo i&hane 1, 1-tri fl uor oet hane,
foef? %8 n@ne BEOUS X onet hane, met hyl

chlorlde hexaf | uor oet hane, nitrous oxi de, 10 carbon

di axi de;

o gThe Th%jfrBBéQ’éf of %lé’fﬂﬁ Sgﬁv%érdeéela%gﬂﬁ)%%bﬁdﬁfwam% normal

a hp@ngrpquairtham nitrgen thifupddeis nitrabs wixideogen

trifluoride is at |east one conpound sel ected from

th ro consi sti of nmethyl fluoride,

20 di gl gor gﬂgtmgq;@ss Ql{l Q%@lm)étvmﬁfgm the temperature at the top of said first

chiptitalidn sslummEdiritEsaidtistling step i®FoAtabdut -90eC to about -
prgﬁ s of claim5b erein said conpound having a

"normal  boiling point than nitrogen trifluoride
is nitrous oxide. 20 9. The process of claim1l wherein

oS e S G PSR b g o sl sk Pcure
25 t ofrapbsaid-digilation colummrissufticest iof maintgimthe wiadimum

saggnéHiRatioRDr¥aid & 18aSEEM fnplinty W Said distillation column below
about 2,000 ppm-molar.

11.  The process of claim 1 wherein said point between the top and the
30 bottom of said distillation column is located within the bottom 50% of the total
number of theoretical stages in said distillation column.

12.  The process of claim 1 wherein said point between the top and the

bottom of said distillation column is located within the bottom 25% of the total
35 number of theoretical stages in said distillation column.
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25 from said distillation colum is sufficient to

mai ntai n the maxi num concentration of said at |east
woe@4iopes ity in said distillation colum bel oRCT/@BZI04/011249

2,000 ppmnolar. 11. The process of claim1l wherein

sai d point between the top and the 30 bottom of said

distillation colum is |located within the bottom 50%

of the total nunber of theoretical stages in said

distillation colum. 12. The process of claiml

wherei n said point between the top and the bottom of

sai1d. di sithe pracess of claimm wheleiit asiechitrbgdn trifluoeidb qirbduct

caicanine fossdhh aod OrHRts BoulMaRh HiathLSiia dtfedst one
PCThpBetyo4/ 011249 13. The process of claim 1 wherein

said nitrogen trifluoride product contains |ess than

about 0.1 parts- er-m|lion-nolar of said at |east one
i nidr i t Y PEDCESS 91( edyeingdhe soneauiiationof aideast one impurity

co@@@&écﬂfrbﬁﬁh@fgraupIc@aétsuﬁ@ of um%gérvmﬂa@h@étaﬁa dinigByen

i oA BRI frst MaPre comRiEREizooqn ilpade 304 said at least
corqneumplmglty)lsblcb'metss cbhpoisinde and said at | east one

10,274 11 18 * S 78 SF TRkt I msfutpRbn ol gk presence
pr@iaﬁws ofideii t rous oxi de; (b) renoving a second
m xture ét P rél%boﬁwgsf‘bgc&{d hﬁﬁﬁFe Qé}ﬁBné@E‘érald ﬁt Ife'éQfTbne

sai d di ation
andMmpHEty franisaid distikiation Qﬁ'%‘hnl ata Peint bewaam th@eioy@ﬁd the

I eRYtbRUoPsdid idiglillation BelensnPri sing nitrous oxide from
the bottom of said d#sl#m tion columm;

151 enovi ng®a nifeMQYER 3 w&ec%PBFé‘?JEQ "‘I"‘rﬂ:?}'fsnéf< &%&9@%3‘3
colbotiohr aft said distillationl calunirgasid one i npurity fromthe

L ob ot 38 e Teplle™ hfoge 3l oty Ae PGSR h
selcencentratiomnofisaid gt teast ooe snpuritydfrarh tiok top obseaid distillation
di Lhiiprhde and dinitrogen tetrafluoride in a first

m xture conprising nitrogen trifluoride and said at
20| east one inpurity, said process conprising: 25 (a)

di 96i | | iAgrozabsl fdr réahcnﬁg&h@b@ncéhteatﬁjn%ﬂ éth@ést@heqm;iunw
se sl 58 ashup Connigtite Sl aderl sEREYE Bld dinitrogen
tetrafluoride in a first mixture comprising nitrogen trifluoride and said at least
one impurity, said process comprising:
25 (a) distilling said first mixture in a distillation column in the presence
of nitrous oxide;

(b) removing a second mixture comprising said at least one
impurity from said distillation column at a point between the top and the
bottom of said distillation column; )

30 () removing said at least one impurity from said second mixture to
form a third mixture, and feeding said third mixture to said distillation column;

(d)  removing a fourth mixture comprising nitrous oxide from the
bottom of said distillation column; and
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impurity fromsaid distillation colum at a point
between the top and the bottomof said distillation
W@ iodo920680 (c) renoving said at | east one i NPRET/UF2004/011249
fromsaid second m xture to forma third m xture, and
feeding said third mxture to said distillation
columm; (d) renoving a fourth m xture conpri sing
nitrous oxide fromthe bottomof said distillation
colum; ,and -25 WO 2004/ 092066 PCT/ US2004/ Q1124 )
Ferovi g nTSTOYBA 4 RRIGOBB T SIS AL ChARIAG o iRRCe
coporcdntedtioprofafaid at ildast ohe aapumlyefrommw tdpyof saidndidtitlation
toB mnsal d distillation colum. -26
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